We present Lyα and UV-nebular emission line properties of bright Lyα emitters (LAEs) at z = 6 − 7 with a luminosity of log L Lyα /[erg s
Introduction
Bright Lyα-emitting galaxies are important objects in the studies of the early Universe and galaxy formation. The bright Lyα emission with log LLyα/[erg s −1 ] ≃ 43 − 44 is expected to be reproduced in various physical mechanisms (e.g., Fisher et al. 2014; Pallottini et al. 2015b) . Very young and metal-free stars (Population III; Pop III) hosted in galaxies would emit the substantially strong Lyα radiation with a narrow He IIλ1640 line ( < ∼ 200 km s −1 ) and a Lyα equivalent width (EW) enhancement. On the other hand, active galactic nuclei (AGNs) would also produce the bright Lyα emission with high ionization metal lines such as N Vλλ1238, 1240 and C IVλλ1548, 1550 due to the strong UV radiation from the central ionizing source. In addition, the highly-complex Lyα radiative transfer in the interstellar medium (ISM) makes it difficult to understand the Lyα emitting mechanism (e.g., Neufeld 1991; Hansen & Oh 2006) .
Lyα emitters (LAEs) have been surveyed by imaging observations with dedicated narrow-band (NB) filters. During the last decades, a wide FoV of Subaru/Suprime-Cam (SCam) has allowed us to identify LAE candidates at the bright-end of Lyα luminosity functions (LFs; e.g., Taniguchi et al. 2005; Shimasaku et al. 2006; Murayama et al. 2007; Ota et al. 2008; Ouchi et al. 2008; Ouchi et al. 2010; Hu et al. 2010; Kashikawa et al. 2006; Kashikawa et al. 2011; Konno et al. 2014; Matthee et al. 2015) . Follow-up optical spectroscopic observations have confirmed several bright LAEs at z ≃ 6.6 (e.g., Himiko: Ouchi et al. 2009; CR7 and MASOSA: Sobral et al. 2015; COLA1: Hu et al. 2016; Bagley et al. 2017) , and at z ≃ 5.7 (Mallery et al. 2012 ).
However, subsequent multi-band observations find the heterogeneity in the nature of these bright LAEs. Zabl et al. (2015) have reported no detections of He II nor C IV from Himiko with VLT/X-SHOOTER. A deep ALMA observation reveals that Himiko has no strong [C II]158µm line and dust continuum emission (Ouchi et al. 2013) . Combined with morphological properties, the bright Lyα emission of Himiko is probably caused by intense star formation in a galaxy merger. On the other hand, Sobral et al. (2015) have claimed that a narrow He on a deep VLT/X-SHOOTER near-infrared (NIR) spectroscopy. The He II detection might suggest that CR7 host Pop III stellar populations. Recently, a number of theoretical studies interpret the strong He II emission from CR7 (e.g., Pallottini et al. 2015a; Agarwal et al. 2016; Hartwig et al. 2016; Johnson & Dijkstra 2016; Dijkstra et al. 2016; Smidt et al. 2016; Smith et al. 2016; Visbal et al. 2016; Pacucci et al. 2017; Visbal et al. 2017) . In contrast to the claim of the He II detection, CR7 clearly includes old stellar population found from analyses for photometric data (Bowler et al. 2016) , suggesting that this system would not be truly young. These studies indicate that the nature of bright LAEs has become a hot topic of debate.
Even in the substantial observational and theoretical efforts, the diversity of the bright LAEs has not been unveiled yet due to the small statistics. In this paper, we present the results of our optical and NIR spectroscopic observations for bright LAEs selected with data of a new wide-FoV camera, Hyper Suprime-Cam (HSC), on the Subaru Telescope. In our spectroscopic observations, we newly identify 21 bright LAEs with log LLyα/[erg s
−1 ] ≃ 43 − 44, which have enlarged the spectroscopic sample of bright LAEs by a factor of four.
This is the third paper in our ongoing HSC research project for Lyα-emitting objects, Systematic Identification of LAEs for Visible Exploration and Reionization Research Using Subaru HSC (SILVERRUSH). In this project, we study various properties of high-z LAEs, e.g., LAE clustering , photometric properties of Lyα line EW and Lyα spatial extent , spectroscopic properties of bright LAEs (this study), Lyα LFs (Konno et al. 2017) , and LAE overdensity (R. Higuchi et al. in preparation) . This program is one of the twin programs. Another program is the study for dropouts, Great Optically Luminous Dropout Research Using Subaru HSC (GOLDRUSH) , that is detailed in Ono et al. (2017) and Harikane et al. (2017) . Source catalogs for the LAEs and dropouts will be presented on our project webpage at http://cos.icrr.u-tokyo.ac.jp/rush.html. This paper has the following structure. In Section 2, we describe the HSC data and target selections of bright LAEs for our optical and NIR spectroscopy. Section 3 presents details of the spectroscopic observations for the bright LAEs and the data reduction. In Section 4, we investigate physical properties for bright LAEs at z ≃ 6 using our statistical sample of bright LAEs. In Section 5, we discuss the implications for galaxy formation and evolution. We summarize our findings in Section 6.
Throughout this paper, we adopt the concordance cosmology with (Ωm, ΩΛ, h) = (0.3, 0.7, 0.7) (Planck Collaboration et al. 2016) . All magnitudes are given in the AB system (Oke & Gunn 1983) .
Targets for Spectroscopy

Imaging Data
In March 2014, the Subaru telescope has started a large-area NB survey with HSC in a Subaru strategic program (SSP; Aihara et al. 2017b) . This survey will construct a sample of LAEs at z ≃ 2.2,5.7,6.6, and 7.3 with four NB filters of NB 387, NB 816, NB 921, and NB101. The statistical LAE sample allows us to study the LAE evolution and physical processes of the cosmic reionization.
In this study, we use the HSC SSP S16A broadband (BB; Kawanomoto 2017) and NB 921 and NB816 data that are obtained in 2014-2016. Note that this HSC SSP S16A data is significantly larger than the first-released data in Aihara et al. (2017a) .
The HSC images were reduced with the HSC pipeline, hscPipe 4.0.2 (Bosch et al. 2017) which is a code from the Large Synoptic Survey Telescope (LSST) software pipeline (Ivezic et al. 2008; Axelrod et al. 2010; Jurić et al. 2015) . The photometric calibration is carried out with the PanSTARRS1 processing version 2 imaging survey data (Magnier et al. 2013; Schlafly et al. 2012; Tonry et al. 2012) . The details of the data reduction are provided in Aihara et al. (2017a) ; Bosch et al. (2017) ; Aihara et al. (2017a) .
The NB921 (NB816) filter has a central wavelength of λc = 9215Å (8177Å) and an FWHM of 135Å (113Å), which traces the redshifted Lyα emission line at z = 6.580 ± 0.056 (z = 5.726 ± 0.046). The transmission curves and the detailed specifications of these NB filters are presented in Ouchi et al. (2017) . The method of the transmission curve measurements is given by Kawanomoto (2017 aperture, respectively. The details of the HSC NB data are presented in Shibuya et al. (2017) . This HSC NB 921 and NB 816 data provide the largest NB survey area for z ≃ 5.7 − 6.6 LAEs even before the completion of the SSP observation.
Selection of Bright LAEs
Using the HSC NB data, we select targets of bright LAE candidates with log LLyα/[erg s −1 ] ≃ 43 − 44 for follow-up spectroscopic observations. The details of the LAE selection are given in Shibuya et al. (2017) , but we provide a brief description as follows. To identify objects with an NB magnitude excess in the HSC catalog, we apply the magnitude and color selection criteria similar to those of Ouchi et al. (2008) and Ouchi et al. LAEs at z ≃ 6.6 and ≃ 5.7, respectively. The dashed gray curves indicate the transmission curves of NB921 and NB 816. The solid gray lines denote the sky OH emission lines. The x-axis indicates the wavelength observed in air. The heliocentric motion of the Earth is not corrected in this figure. (2010). To remove spurious sources such as satellite trails and cosmic rays, we perform visual inspections to multi-band HSC images of grizy and NB for the objects selected in the magnitude and color selection criteria. We have also checked multiepoch images to remove transients and asteroid-like moving objects. In total, photometric candidates of 1,153 and 1,077 LAEs at z ≃ 6.6 and z ≃ 5.7 are identified in the HSC-NB921 and NB816 fields, respectively. Finally, we select bright LAE candidates with an NB magnitude of NB ≤ 24 mag corresponding to log LLyα/[erg s −1 ] ≃ 43 − 44.
Spectroscopic Data
We carried out optical and NIR spectroscopic observations for the bright LAE candidates at z ≃ 5.7 − 6.6 selected with the HSC NB data. These optical and NIR observations mainly 1) make spectroscopic confirmations through Lyα and 2) investigate properties of ionizing sources (e.g., the presence of metalpoor galaxies and AGN activity), respectively, for bright LAEs. Table 1 summarizes the instruments, the exposure time and line flux limits of our spectroscopic observations for each target.
In the following sections of Sections 3.1 and 3.2, we describe the details of optical and NIR spectroscopic data, respectively.
Optical Spectroscopic Data
We performed optical follow-up spectroscopy for bright LAE candidates at z ≃ 5.7 − 6.6 to detect Lyα emission lines. The choice of the targets depends on the target visibility during the allocated time for individual spectroscopic observations. Basically, we selected the brightest LAE candidates as the targets in each observing run.
Subaru/FOCAS
We used the Faint Object Camera and Spectrograph (FOCAS; Kashikawa et al. 2002) (Ouchi et al. 2009; Mallery et al. 2012; Sobral et al. 2015; Hu et al. 2016) . The magenta filled circles present LAE candidates in HSC LAE catalogs constructed by Shibuya et al. (2017) . The gray open circles denote LAE candidates found in SCam NB surveys (Ouchi et al. 2008; Ouchi et al. 2010 ). The objects with EW0,Lyα > 700Å are plotted at EW0,Lyα = 700Å. The Multi-Object Spectroscopy (MOS) mode was used to align securely the slits on our high-z sources. Each of the 20 minute exposures was taken by dithering the telescope pointing along the slit by ±1. ′′ 0. The standard star Feige34 was taken at the beginning and end of each observed night (Massey & Gronwall 1990) . Our FOCAS spectra were reduced in a standard manner with the IRAF 1 package (e.g., Kashikawa et al. 2006; Shibuya et al. 2012 ). First, we performed flat-fielding with flat images, corrected for the image distortion, calibrated wavelengths with sky OH lines, and rejected sources illuminated by the cosmic ray injections. Next, we subtracted the sky background. After the sky background subtraction, we stacked the two-dimensional (2D) spectra. From each 2D data, we then extracted one-dimensional 1 http:iraf.noao.edu (1D) spectra using an extraction width of ≃ ±0. ′′ 4 − ±0. ′′ 8 in the spatial direction of the slits. The extraction width is determined based on the extent of targets and the seeing conditions during the observations. Similarly, these extraction widths are used for the data obtained from the other optical and NIR spectrographs (Sections 3.1 and 3.2). Finally, we carried out flux calibrations for the 1D spectra using the data of standard stars.
The slit loss of the emission line flux has automatically been corrected in the flux calibration. This is because we observe the standard stars in the observing configuration (i.e. slit-width) and sky condition that are the same as those for our main targets. Note that our high-z main targets are point source-like objects whose slit loss is the same as that of the standard stars. For this reason, we do not perform data reduction procedures for the slit loss correction for our optical and NIR spectra in Sections 3.1 and 3.2.
Magellan/LDSS3
We also used the Low Dispersion Survey Spectrograph 3 (LDSS3) on the Magellan II (Clay) telescope in October 2016 (PI: M. Rauch) to take spectroscopy for two bright LAE candidates. The seeing was ∼ 0.
′′ 6 − 1. ′′ 0. We set the instrumental configuration to observe wavelength ranges of 8000 − 10000Å. 
LAE Spectroscopic Confirmations
In total, we newly confirm 21 bright LAEs with a clear Lyα emission line in our Subaru/FOCAS and Magellan/LDSS3 observations and our Magellan/IMACS data. The 1D and 2D optical spectra of the 21 bright LAEs are shown in Figure 1 . A prominent asymmetric emission line is found at ≃ 9210Å and ≃ 8160Å for each LAE at z ≃ 6.6 and z ≃ 5.7, respectively. These emission lines are detected at the ≃ 10 − 20σ significance levels. No other emission line feature is found in the range of observed wavelengths. We obtain the redshift of the bright LAEs by fitting the symmetric Gaussian profile to the observed Lyα emission lines in the wavelength ranges where the flux drops to 70% of its peak value (Shibuya et al. 2014b) . Figure 2 shows the NB magnitude and Lyα EW which is obtained in Section 4.1. As shown in Figure 2 , our newly confirmed bright LAEs are as bright as e.g., Himiko and CR7.
We also check whether our LAEs selected with the HSC data, HSC LAEs, are spectroscopically confirmed in previous studies for the COSMOS and SXDS fields (Murayama et al. 2007; Taniguchi et al. 2009; Ouchi et al. 2008; Ouchi et al. 2010; Mallery et al. 2012; Sobral et al. 2015; Hu et al. 2016) . In spectroscopic samples obtained by the previous studies, we find that 7 bright LAEs with NB < 24 mag and 69 faint ones with NB > 24 mag. In total, 96 LAEs are confirmed in our spectroscopic observations and the previous studies. Table 2 summarizes the number of the spectroscopically confirmed HSC LAEs.
The photometric properties and the HSC images for the bright LAEs in Table 4 and Figure 3 , respectively. Although most of the bright LAEs are not detected in blue bands of g and r, COLA1 is marginally detected in the r-band image at ≃ 2.5σ.
Combining our 21 newly identified and the 7 previously confirmed bright LAEs (i.e., Himiko, CR7, MASOSA, COLA1, and three z ≃ 5.7 Mallery et al.'s objects), we construct a sample of 28 bright LAEs. The HSC data and our observations have enlarged a spectroscopic sample of bright LAEs by a factor of four. The large sample allows for a statistical study on physical properties of bright LAEs with log LLyα/[erg s
−1 ] ≃ 43 − 44.
Contamination Rates in the LAE Candidates
We estimate contamination rates, fcontami, in the HSC LAE candidates using the spectroscopic data. In our Subaru/FOCAS and Magellan/LDSS3 observations for 12 z ≃ 6.6 and 6 z ≃ 5.7 bright LAE candidates with NB < 24 mag, we identify 4 and 1 low-z contaminants, respectively. Figure 4 presents the spectra and HSC cutout images for the low-z contaminants. All of the 5 contaminants are strong [O III]λλ4959, 5007 emitters at z ≃ 0.6 − 0.8 with faint BB magnitudes. The Hβ and Hγ emission lines are not significantly detected in the short integration time (i.e. ≃ 20 − 40 minutes) of the FOCAS and LDSS3 observations. The photometric properties of these low-z contaminants are listed in Table 5 . We find that fcontami ≃ 33% (= 4/12) and ≃ 17% (= 1/6) for bright LAE candidates with NB < 24 mag at z ≃ 6.6 and z ≃ 5.7, respectively.
We also calculate fcontami in the HSC LAE candidates including our Magellan/IMACS spectroscopic data (Section 3.1.3). This spectroscopic sample includes faint HSC LAE candidates with NB > 24 mag. Combining our Subaru/FOCAS and Magellan/LDSS3 data and the cross-matching of the Magellan/IMACS spectroscopic catalogs, we find that 28 and 53 HSC LAE candidates at z ≃ 6.6 and z ≃ 5.7 are spectroscopically observed. In total, we find that 4 out of 28 (4 out of 53) HSC LAE candidates are low-z contaminants, and estimate fcontami to be ≃ 14% and ≃ 8% for the samples of z ≃ 6.6 and z ≃ 5.7 LAEs, respectively.
In these estimates with the spectroscopic data, we find that fcontami ≃ 0 − 30%. Table 3 summarizes the contamination rates. These fcontami values are used for the contamination correction for e.g., LAE clustering , Lyα LFs (Konno et al. 2017) , and LAE overdensity (R. Higuchi et al. in prep.).
NIR Spectroscopic Data
We performed deep NIR spectroscopy to investigate whether the rest-frame UV-nebular emission lines (i.e., C IVλλ1548, 1550, He IIλ1640, and O III]λλ1661, 1666) exist in bright LAEs. As a first attempt, we observed seven out of the spectroscopically confirmed 21 bright LAEs. The LAEs observed by NIR spectrographs are listed in Table 1 . The choice of the targets depends on the target visibility during the allocated time for individual spectroscopic observations. Basically, we have selected the brightest LAEs as the targets in each observing run.
Keck/MOSFIRE
We used the Multi-Object Spectrometer For Infra-red Exploration (MOSFIRE; McLean et al. 2012 ) on the Keck I telescope to observe 4 LAEs on 2016 September 9 (S16B-029N, PI: T. Shibuya) and an LAE on 2015 January 3-4 as a filler target (S15B-075, PI: M. Ouchi). Similar to the Subaru/FOCAS observations, the MOS mode was utilized to align securely the slits on our high-z sources. We used the Y Fig. 3 . HSC cutout images of the spectroscopically confirmed bright LAEs with NB < 24 mag at z ≃ 6.6 (left) and ≃ 5.7 (right). Seven objects at the bottom are the previously identified bright LAEs at z ≃ 6.6 (Hu et al. 2016; Sobral et al. 2015; Ouchi et al. 2009 ) and at z ≃ 5.7 (Mallery et al. 2012) . The image size is 4 ′′ × 4 ′′ . The scale of flux density is arbitrary.
and J band filters for LAEs at z ≃ 5.7 and z ≃ 6.6, respectively. The seeing size was ∼ 0. ′′ 5-0. ′′ 6. The 0. ′′ 8-wide slit was used, giving a spectral resolution of R ≃ 3500.
The data of objects and standard stars were reduced using the MOSFIRE data reduction pipeline. 2 We conducted standard reduction processes for the MOSFIRE spectra with sets of default pipeline parameters (see e.g., Kojima et al. 2016) . Using A-spectral type stars which were taken in this observing run, we Table 5 .
performed flux calibrations for the spectra of the target LAEs.
Subaru/nuMOIRCS
We used the upgraded version of the Multi-Object InfraRed Camera and Spectrograph (nuMOIRCS; Ichikawa et al. 2006; Suzuki et al. 2008; Fabricius et al. 2016; Walawender et al. 2016 ) on the Subaru telescope on 2016 June 21-22 to observe 2 LAEs at z ≃ 6.6 (S16A-060N, PI: T. Shibuya). The MOS mode was used to align securely the slits on our high-z sources. There were thin sky cirrus, but the weather condition was photometric. The seeing size was ∼ 0. ′′ 5-1. ′′ 0. The width of each slit in the MOS masks is 0. ′′ 8. We used the VPH-J grism, giving the spectral resolution of R ≃ 3000. The standard star HIP115119 was observed on each night for flux calibrations.
We reduced the nuMOIRCS spectra with IRAF in the manner similar to the FOCAS data reduction (Section 3.1.1). We performed bias subtraction, flat fielding, image distortion correction, cosmic ray rejection, wavelength calibration, sky subtraction, and flux calibration.
Results
Physical Properties
We present physical quantities related to the Lyα emission: Lyα flux, fLyα, Lyα luminosity, LLyα, and the rest-frame Lyα EW, EW0,Lyα, for the bright LAEs with a spectroscopic redshift. To obtain these quantities, we scale the observed Lyα spectra to match the NB and BB magnitudes. Here we assume the restframe UV spectral slope of β = −2. The β parameter is defined by f λ ∝ λ β where f λ is a galaxy spectrum at ≃ 1500 − 3000Å.
The 2σ lower limits of y (z)-band magnitudes are used for z ≃ 6.6 (z ≃ 5.7) LAEs whose UV continuum emission is not detected. For HSC J162126+545719 whose UV continuum is detected in the spectroscopic data (see Figure 1) , we use the UV continuum flux density in the spectra to measure the EW0,Lyα and MUV values. Table 6 presents the quantities of fLyα, LLyα, and EW0,Lyα for our 21 bright LAEs including a sample of 7 LAEs identified by previous studies (Ouchi et al. 2009; Mallery et al. 2012; Sobral et al. 2015; Hu et al. 2016) . Figure 2 shows EW0,Lyα as a function of NB magnitude. The EW0,Lyα value ranges from ≃ 10Å to ≃ 300Å. Tables 8 and 9. extended or not in Lyα based on our measurements of isophotal areas, Aiso (see Shibuya et al. 2017) . We find that only 5 out of the 28 bright LAEs show the spatially extended Lyα emission. The Aiso measurements indicate that Lyα emission of the bright LAEs is typically compact.
Lyα Line Width
To quantify the Lyα line profiles, we measure the FWHM velocity width, ∆VFWHM. We fit the symmetric Gaussian profile are listed in Table 6 . To quantify the relation between ∆VFWHM and LLyα in Figure 5 , we carry out Spearman rank correlation tests. In this test, we find a marginal correlation at the ≃ 1.7σ significance level, possibly suggesting that ∆VFWHM increases with increasing LLyα.
X-ray, Mid-IR, and Radio Detectability
We check X-ray, mid-IR (MIR), and radio data to investigate whether the bright LAEs have a signature of AGN activities. Such X-ray, MIR, and radio data are available in the UD fields, UD-COSMOS and UD-SXDS. In UD-COSMOS, an object (i.e. HSC J100334+024546) is covered by MIR and radio data. In UD-SXDS, all the 10 objects are observed in X-ray, MIR, and radio. For the X-ray data, we use the XMM-Newton source catalog whose sensitivity limit is f 0.5−2keV = 6 × 10 −16 erg cm We find that there are no counterparts in the X-ray, MIR, and radio data. The no X-ray, MIR, and radio counterparts indicate that there is no clear signature of AGN activities based on the multi-wavelength data. By considering the typical SED of AGNs (e.g., Elvis et al. 1994; Telfer et al. 2002; Richards et al. 2003) , the rest-frame UV luminosity of LAEs, and the sensitivity limits of these multi-wavelength data, we rule out, at least, the possibility that the LAEs have radio-loud AGNs.
UV Nebular Line Flux
Here we investigate whether the rest-frame UV-nebular lines of N Vλλ1238, 1240, C IVλλ1548, 1550, He IIλ1640, and O III]λλ1661, 1666 are detected from the bright LAEs. First, we check the detectability of N V emission line which is a coarse indicator of AGN presence. The wavelengths of N V are covered by the FOCAS, LDSS3, and IMACS optical spectra for both of the z ≃ 6.6 and z ≃ 5.7 LAE samples. In order to estimate the flux limits, we sample the 1D spectra in ≃ 10Å bins (comparable to the Lyα line FWHM) around the expected wavelengths of N V. We then obtain the flux limit by using the flux distribution over a ±50Å range of the expected wavelengths of N V. We find that there are no N V emission lines for all the 21 bright LAEs. The 2σ flux limits for the N V emission lines are listed in Table 7 . The line flux ratio of N V to Lyα is typically fNV/fLyα < ∼ 10%. Next, we search for the UV-nebular emission lines of C IV, He II, and O III] for the seven bright LAEs whose NIR spectra are obtained (Section 3.2). Figure 6 presents the NIR spectra for the seven LAEs. Even in the deep NIR spectra with a 3σ line flux sensitivity limit of ≃ 2 × 10 −18 erg s Table 7 .
Our deep NIR spectroscopy indicates that there are no significant detections of the UV-nebular emission lines for bright LAEs. By our visual inspections for the NIR spectra, we find a tentative detection of C IVλ1550 emission line from the bright- Fig. 6 . NIR spectra for the bright LAEs at z ≃ 6.6 (the upper four spectra) and ≃ 5.7 (the lower three spectra). The left figures indicate the three-color composite images of the bright LAEs. The blue ticks denote the C IV (left), He II (center), and O III] (right) wavelengths which are expected from the redshift of Lyα emission line. For HSC J162126+545719, the emission feature near the expected C IVλ1550 wavelength is likely to be a residual of the sky subtraction, which is marked by a black cross. A C IVλ1550 emission line is tentatively detected in the spectrum of HSC J233408+004403 (see Figure 7) , which is discussed in Section 5.3.
est LAE in the z ≃ 5.7 sample, HSC J233408+004403. Figure 7 shows the NIR spectra around the wavelengths of the C IV emission line doublet for HSC J233408+004403. The C IVλ1550 emission line is tentatively detected at the ≃ 4 − 9σ significance level. The significance of the line detection depends on the wavelength range of flux integration. We also identify two negative C IVλ1550 emission lines which could be originated from the ±3 ′′ slit dithering processes in the MOSFIRE observation. Moreover, the tentative C IVλ1550 detection might explain a possible magnitude excess in the y-band covering the C IV wavelength (see Figure 3) . The line flux is ≃ 1.2 × 10 −17 erg cm −2 s −1 . The emission line has a velocity width of ∆VFWHM ≃ 50 km s −1 which is marginally resolved in the MOSFIRE spectral resolution. We do not detect the C IVλ1548 component of the C IV doublet from HSC J233408+004403. The single C IV emission line at λrest ≃ 1550Å may be formed by a combination of absorption and emission lines that could be originated from stellar winds and ISM. Such a C IV line profile has been found for z ≃ 1 − 3 galaxies (e.g., Shapley et al. 2003; Erb et al. 2010; Du et al. 2016) . We discuss the emission line properties of the C IV emitter in Section 5.3.
Re-analysis of CR7 Spectra
We investigate the VLT/X-SHOOTER spectrum of CR7 whose 6σ detection of He II is claimed by Sobral et al. (2015) . Two individuals of the authors in this paper and the ESO-archive service re-analyze the VLT/X-SHOOTER data that are used in the study of Sobral et al. (2015) . We apply three methods to our re-analysis: (1) reducing the raw data with the X-SHOOTER reduction pipeline ESO REFLEX (Pipeline), (2) stacking of each 1D 1-exposure spectrum reduced by ESO (ESO 1D). We smooth our reduced X-SHOOTER spectra with a kernel of ≃ 0.4Å width which corresponds to that of Sobral et al. (2015) .
Figure 8 presents our reduced X-SHOOTER data of the optical (the left panel) and NIR (the right panel) arms for CR7 with the 1D spectrum obtained by Sobral et al. (2015) . As shown in the left panel of Figure 8 , we clearly identify a Lyα emission line at λrest = 1216Å. The Lyα line profiles of our data are in good agreement with that of the Sobral et al.'s optical spectrum. However, we find no signal at λrest = 1640Å where Sobral et al. (2015) find the emission line feature (the right panel of Figure  8 ). The detection significance is < 1σ at λrest = 1640Å in our NIR spectra. Instead, our NIR spectra show a feature of two possible peaks at λrest = 1643Å which is redder than the He II wavelength of Sobral et al. (2015) by ∆λrest ≃ 3Å corresponding to the redshift difference of ∆z = 0.01. If we regard the two possible peaks as He II, we obtain a detection significance of ≃ 1.8σ. This significance value is inconsistent with the 6σ detection of Sobral et al. (2015) . Moreover, the red component of the two possible peaks appears to be made by sky subtraction residuals, as shown in the panel (a) of Figure 8 . In the case that this red component is masked for the line flux calculation, the detection significance decreases to ≃ 1.1σ. To obtain all the values of detection significance and noise levels, we use OH sky line-free regions.
In our careful re-analysis for the X-SHOOTER data, we find that no He II signal of CR7 is detected. The no He II detection supports weak UV-nebular lines of the bright LAEs even for CR7. Based on our S/N -based re-analysis and the flux error from Sobral et al. (2015) , we obtain the 3σ upper limits of He II flux and EW for CR7, fHeII < 2.1 × 10 −17 erg s −1 cm −2 and EWHeII < 60Å, respectively. , z ≃ 2 − 3 metal-poor and star-forming galaxies (Shapley et al. 2003; Erb et al. 2010) , AGNs, QSOs, and radio galaxies (Villar-Martín et al. 2007; Heckman et al. 1991; Humphrey et al. 2013; Borisova et al. 2016) . 4 We add CR7 with our updated He II/Lyα constraint in Section 4.5. The UV-nebular lines of C IV, He II, and O III] are not detected from all of our 7 bright LAEs even for CR7 except for a tentative C IV detection (Section 5.3). Albeit with only upper limits on the line flux ratios, we find that our bright LAEs typically have flux ratios of He II/Lyα and C IV/Lyα lower than those of AGNs, QSOs, radio galaxies, and LABs, but similar to those of star forming galaxies in Shapley et al. (2003) and Erb et al. (2010) . Interestingly, the UV-nebular lines are extremely faint for several of our bright LAEs. For such objects, the flux ratio of the UV-nebular lines relative to Lyα, i.e. f UV line /fLyα, is below the order of 1 %.
3 Recently, the He II/Lyα line flux ratio for CR7 has been updated based on the flux recalibration of the X-SHOOTER spectrum in Matthee et al. (2017) and Sobral et al. (2017) . 4 Note that the C IV doublet is not spectroscopically resolved for some of the previous studies. The flux upper limit for such an unresolved C IV doublet would be higher than that of resolved C IV lines. But, the systematics of the C IV flux upper limits are as small as ≃ 0.15 dex in a flux ratio of log (Lyα/CIV), which could not affect the main conclusion. Fig. 8 . Re-analyzed VLT/X-SHOOTER spectra of CR7. The left and right panels denote the VIS and NIR arms of the X-SHOOTER spectra. The blue lines indicate the X-SHOOTER spectra in Sobral et al. (2015) . The red, magenta, and orange lines depict spectra obtained from (1) reducing the raw data with the X-SHOOTER reduction pipeline ESO REFLEX (Pipeline), (2) stacking of each 2D 1-exposure spectrum reduced by ESO (ESO 2D), and (3) stacking of each 1D 1-exposure spectrum reduced by ESO (ESO 1D), respectively. These lines have been smoothed with a kernel of ≃ 0.4Å width which is similar to that of Sobral et al. (2015) . The gray lines present the un-smoothed spectrum obtained from our data reduction with ESO REFLEX. The thin blue and red lines indicate sky OH lines in Sobral et al. (2015) and our re-analyzed data, respectively. The top-left panels show the 2D spectrum of the X-SHOOTER VIS arm. The top-right panels indicate (a) sky OH line, (b) un-smoothed and (c) smoothed 2D spectra, all of which are obtained from our data reduction with ESO REFLEX. The feature at λrest = 1643Å appears to be made by sky subtraction residuals. The blue ticks indicate the position of He II whose detection is claimed by Sobral et al. (2015) . See Section 4.5 for more details.
Discussion
Properties of Bright LAEs at z ≃ 6
We summarize the properties of the bright z ≃ 6 − 7 LAEs which have been revealed in our statistical study (Section 4).
• The Lyα equivalent widths, EW0,Lyα, range from ≃ 10Å to ≃ 300Å.
• The Lyα line widths are ≃ 200 − 400 km s −1 .
• There are no detections of X-ray, MIR, and radio emission.
• The N V emission line is not detected down to a N V/Lyα flux ratio of ≃ 10%.
• Most of the bright LAEs have the compact Lyα emission.
Only 5 objects out of the 28 bright LAEs show Lyα emission which are significantly extended compared to the PSF FWHM size of ≃ 0. ′′ 7 in the ground-based HSC NB images.
• The UV-nebular lines of C IV, He II, and O III] are not detected from all of our 7 bright LAEs even for CR7 except for a tentative C IV detection (Section 5.3). The flux ratio of the UV-nebular lines relative to Lyα is f UV line /fLyα < ∼ 1 − 10%. Here we discuss the physical origins of bright LAEs with log LLyα/[erg s −1 ] ≃ 43 − 44. The bright Lyα emission could be reproduced by several mechanisms: (1) gas photo-ionizaiton by a hidden AGN, (2) strong UV radiation from Pop III stellar populations, (3) gas shock heating by strong outflows from central galaxies, and (4) intense starbursts by galaxy mergers.
Firstly, we discuss the possibility of AGNs. For z ≃ 2, Konno et al. (2016) have identified a significant hump of LAE number density at the Lyα LF bright-end of log LLyα/[erg s −1 ] > ∼ 43.4. All of the z ≃ 2 LAEs in the bright-end hump are detected in Xray, UV, or radio data, suggesting that the bright Lyα emission is produced by the central AGN activity. Similarly, there is a possibility that AGNs enhance the Lyα luminosity for bright LAEs at z ≃ 6 − 7. However, we find no clear signatures of AGNs according to the narrow Lyα line widths of < ∼ 400 km s −1 and no detections of N V line, X-ray, MIR, nor radio emission. Thus, the bright LAEs at z ≃ 5.7 − 6.6 do not host broad-line AGNs, regardless of the bright Lyα emission. Secondly, we discuss the possibility of Pop III stellar populations. There is a possibility that strong UV radiation from Pop III stellar populations enhance the Lyα luminosity (e.g., Schaerer 2002 ). In our deep NIR spectroscopy, we find that there are no detections of He II emission line from CR7, Himiko, nor our 7 bright LAEs which are observed with NIR spectrographs. Moreover, the Lyα EW does not significantly exceed the EW0,Lyα value of 240Å for the bright LAEs. The no He II detection and the small EW0,Lyα values might indicate that the bright LAEs do not host Pop III stellar populations. The no Pop III stellar populations in bright LAEs might be supported by theoretical studies. According to a recent theoretical study of Yajima & Khochfar (2017) , Pop III-dominated galaxies at z ≃ 7 have a Lyα luminosity of LLyα ≃ 3.0 × 10 42 − 2.1 × 10 43 erg s −1 which is slightly lower than that of our bright LAEs.
However, we cannot obtain the conclusion that Pop III stellar populations exist in bright LAEs from the current data of He II measurements. The detectability of He II emission line would largely depend on the stellar initial mass function of galaxies (see Section 5.4). To examine whether bright LAEs host Pop III stellar populations, we require NIR spectra whose depth is ≃ 10× deeper than the current NIR flux limits.
Thirdly, we discuss the possibility that strong outflows enhance the Lyα luminosity (e.g., Dijkstra & Wyithe 2010) . If strong outflows exist, expelling high velocity clouds could make Lyα lines broad and Lyα emission spatially extended. Our spectroscopy reveals that bright LAEs have a narrow Lyα emission line of ∆VFWHM < ∼ 400 km s −1 . Our Aiso measurements also indicate that most of our bright LAEs show the spatially compact Lyα emission (see Section 4.1 and Table 6 ). The narrow Lyα line width and the spatially compact Lyα emission might suggest no strong gaseous outflow from the bright LAEs. However, we cannot conclude the presence of gaseous outflow based on our current data of optical spectra and NB images due to the resonance nature of Lyα photons. To investigate the presence of gaseous outflow, we have to directly measure velocity shifts of low-ionization metal lines with deep NIR spectra for the rest-frame UV continuum emission (e.g., Shibuya et al. 2014b; Erb et al. 2014; Erb 2015; Trainor et al. 2015; Sugahara et al. 2017 ).
Finally, we discuss the possibility that intense starbursts driven by galaxy mergers produce the large Lyα luminosity. High spatial resolution imaging observations with Hubble WFC3 have been conducted for two objects out of the 28 bright LAEs, Himiko and CR7, both of which show multiple subcomponents in the rest-frame UV continuum emission Ouchi et al. 2013 ). These multiple subcomponents could be indicative of galaxy mergers (e.g., Jiang et al. 2013; Shibuya et al. 2014a; Kobayashi et al. 2016 ). However, the galaxy morphology has been unclear for the other 26 bright LAEs in the ground-based and seeing-limited HSC images.
In summary, the physical origins of bright LAEs have still been unknown. At least we can conclude that the bright Lyα emission is not originated from broad-line AGNs. To obtain the definitive conclusion, we need to systematically perform deep NIR spectroscopy and high spatial resolution imaging observations for a large number of bright LAEs.
Relation between UV-nebular Line EW and UV-continuum Luminosity
Combining samples of our bright LAEs and faint dropouts at z ≃ 5 − 7, we examine the relation between the UV-nebular line EWs of C IV, He II, and O III] and UV-continuum luminosity. Figure 10 presents the rest-frame EW of C IV, He II, and O III] as a function of MUV for our bright LAEs and dropouts in literature (e.g., Stark et al. 2015; Mainali et al. 2017; Smit et al. 2017 ). Here we plot four UV continuum-detected objects out of our 7 bright LAEs whose UV-nebular line EW can be constrained. The EW upper limits of our bright LAEs are typically As shown in Figure 10 , we find a trend that EWs of C IV and O III] increase towards faint MUV. Such a trend is similar to recent study results for z ≃ 2 − 3 galaxies showing that UVnebular lines are predominantly detected in faint sources (Stark et al. 2014; Amorín et al. 2017 ; see also Du et al. 2017 for C III]λλ1907, 1909). On the other hand, we do not find a clear trend for He II due to no He II detection from all of our bright LAEs nor z ≃ 6 − 7 dropouts. For the clarity of the EW0,CIV and EW 0,OIII] relations, we fit a quadratic function to the data points of z ≃ 6 − 7 dropouts in Stark et al. (2015) and Mainali et al. (2017) and our LAEs. In the fitting, we use the values of EW upper limits for the objects without a UV-nebular line detection. We exclude the LAE with a tentative C IV detection and a z ≃ 7 dropout with a weak EW 0,OIII] constraint in Stark et al. (2015) for the fitting (see Section 5.3). The best-fit quadratic functions are shown in Figure 10 .
In contrast to the gravitationally lensed and faint dropouts of Stark et al. (2015) , Mainali et al. (2017), and Smit et al. (2017) , our bright LAEs have a moderately bright UV magnitude ranging from MUV ≃ −20 to ≃ −22. The no UV-nebular line detections from the bright sources could suggest that such a high EW0 value is a characteristic of low-mass galaxies. The high UV-nebular line EW in low-mass galaxies would be due to a hard ionizing spectrum (i.e. ξion, the number of LyC photons per UV luminosity; e.g., Nakajima et al. 2016; Bouwens et al. 2016) . Moreover, recent studies for z ≃ 0 galaxies report that high-ionization UV-nebular lines highly depend on the gas-phase metallicity (e.g., Senchyna et al. 2017) . Our possible EW − MUV correlation may also suggest a dependence of UVnebular line EW on metallicity for z ≃ 6 − 7 galaxies via the mass-metallicity relation.
A Tentative Detection of C IV Emission Line
In this section, we discuss the EW and UV-nebular line ratios for the LAE whose C IV is tentatively detected (Section 4.4). We estimate the C IV EW, EW0,CIV, by using the upper limits of the rest-frame UV continuum flux density. We obtain EW0,CIV > ∼ 40Å, which is comparable to that of a z ≃ 7 dropout in Stark et al. (2015) . The EW0,CIV value might be too high according to the anti-correlation between EW and UV-continuum luminosity in Section 5.2. However, it should be noted that the UV continuum is not detected for HSC J233408+004403. In the case that the UV magnitude is fainter than MUV ≃ −21, the EW0,CIV value would be comparable to the trend that EW0 is high at a high UV-continuum luminosity.
Assuming that the C IV emission line is detected in HSC J233408+004403, we compare the He II/C IV and O III]/C IV line flux ratios of HSC J233408+004403 with those of star-forming galaxies at z ≃ 0 − 7 and AGNs/QSOs (Vanzella et al. 2016; Vanzella et al. 2017; Mainali et al. 2017; Stark et al. 2014; Berg et al. 2016; Alexandroff et al. 2013; Hainline et al. 2011) . Figure 11 shows the line flux ratios of He II/C IV and O III]/C IV for HSC J233408+004403 and starforming galaxies and AGNs/QSOs. As shown in Figure 11 , HSC J233408+004403 has a flux ratio limit of log(He II/C IV) < ∼ −0.9 similar to that of star-forming galaxies at z ≃ 7.
We compare the limits of flux ratios with those of photoionization models of star-forming galaxies and AGNs in Feltre et al. (2016) . The comparison suggests that the constraints on the line flux ratios for HSC J233408+004403 are more comparable to star-forming galaxies as ionizing sources than AGNs predicted by the model predictions, supporting the results of no clear signatures of AGN activity in Sections 4.2 and 4.3.
Spectral Hardness of Bright LAEs
We investigate the spectral hardness of bright LAEs at z ≃ 6 − 7 based on the upper limits on the He II/Lyα line flux ratios (Section 4.4). Figure 12 presents the spectral hardness, QHe+/QH, as a function of metallicity, Z, for our bright LAEs and z ≃ 6 − 7 LAEs in previous studies (Himiko in Zabl et al. 2015; SDF-LEW-1 in Kashikawa et al. 2012; SDF J132440.6+273607 in Nagao et al. 2005 ). Here we use QHe+/QH which is more model-independent than physical quantities of e.g., ξion. The QHe+/QH value is calculated with an equation of
where, fHe and fLyα are the flux of He II and Lyα emission line, respectively. Q(He + ) and Q(H) are the emitted number of hydrogen and helium ionizing photons, respectively. The QHe+/QH traces the energy range between 54.4 and 13.6 eV. The factor of 0.55 depends on the electron temperature, here taken to be Te = 30 kK (Schaerer 2002) . The Q(He
upper limits calculated from the He II/Lyα line flux ratios (Table  7) ranges from log Q(He + )/Q(H) ≃ −0.5 to ≃ −1.8. For five objects of our bright LAEs, we put strong upper limits of log Q(He + )/Q(H) < ∼ −1.8. Figure 12 also shows the the model spectral hardness predicted from initial mass functions (IMFs) with different stellar mass ranges of M * = 1 − 100 M⊙, 1 − 500 M⊙, and M * = 50 − 500 M⊙ (Schaerer 2003) . The metallicity of bright LAEs has not been constrained yet. If we assume that bright LAEs are extremely metal poor below log Z ≃ −8, top-heavy IMFs with M * = 50 − 500 M⊙ might be ruled out by our QHe+/QH constraints for z ≃ 6 − 7 LAEs.
Summary and Conclusions
We present Lyα and UV-nebular emission line properties of bright LAEs at z = 6 − 7 with a luminosity of log LLyα/[erg s −1 ] = 43 − 44 identified in the 21-deg 2 area of the SILVERRUSH early sample developed with the Subaru/HSC survey data Shibuya et al. 2017) .
Our findings are summarized as follows:
• Our optical spectroscopy newly confirm 21 bright LAEs with clear Lyα emission, and contribute to make a spectroscopic sample of 97 LAEs at z = 6 − 7 in SILVERRUSH. Our observations enlarge a spectroscopic sample of bright LAEs by a factor of four, allowing for a statistical study on bright LAEs. We find that all the bright LAEs have a narrow Lyα line width of < ∼ 400 km s −1 , and do not have X-ray, MIR, radio, nor N Sobral et al. (2015) . Although two individuals of the authors in this paper and the ESO-archive service carefully re-analyze the X-SHOOTER data that are used in the study of Sobral et al. (2015) , no He II signal of CR7 is detected, supportive of weak UV-nebular lines of the bright LAEs even for CR7.
• Spectral properties of these bright LAEs are clearly different from those of faint dropouts at z ∼ 7 that have strong UV-nebular lines shown in the various studies (e.g., Stark et al. 2015) . Comparing these bright LAEs and the faint dropouts, we find anti-correlations between the UV-nebular line EW0 and UV-continuum luminosity, which are similar to those found at z ∼ 2 − 3.
The high spatial resolution imaging and deep spectroscopic observations with Hubble Space Telescope and James Webb Space Telescope will reveal the morphology, ISM properties, and the origins of bright LAEs.
Appendix
Tables 8 and 9 present faint NB > 24 spectroscopically confirmed HSC LAEs at z ≃ 6.6 and z ≃ 5.7, respectively. See Section 3.1.4 for more details. Suzuki, R., et al. 2008 , PASJ, 60, 1347 Taniguchi, Y., et al. 2005 , PASJ, 57, 165 -. 2009 Telfer, R. C., Zheng, W., Kriss, G. A., & Davidsen, A. F. 2002 , ApJ, 565, 773 Tonry, J. L., et al. 2012 Trainor, R. F., Steidel, C. C., Strom, A. L., & Rudie, G. C. 2015 , ApJ, 809, 89 Ueda, Y., et al. 2008 , ApJS, 179, 124 Vanzella, E., et al. 2016 , ApJL, 821, L27 -. 2017 The red filled squares denote our four bright LAEs with an upper limit of UV-nebular line EW. The red cross represents the LAEs whose C IV emission is tentatively detected. The cyan filled symbols denote high-z dropout galaxies (cyan filled circles: z ≃ 7 dropouts in Stark et al. (2015) ; cyan filled diamond: z ≃ 6 dropout in Mainali et al. (2017) ; cyan filled triangle: Smit et al. 2017) . The gray symbols indicate z ≃ 2 − 3 galaxies (gray crosses: Amorín et al. 2017 ; gray open inverse-triangle: Stark et al. 2014) . The gray curves represent the best-fit quadratic functions to the data points of z ≃ 6 − 7 dropouts in Stark et al. 2014 and Mainali et al. (2017) and our LAEs. The data points without a UV-nebular line detection indicate 2σ upper limits. (1) (2) (3) (4) (5) (6) (7) (8) (9) J162126 < 0.81(< 7.2) < 0.13(< 1.8) < 0.35(< 5.4) < 0.22(< 3.5) < 0.05 < 0.01 < 0.02 < 0.01 J021835 < 0.92(< 8.2) < 0.30(< 4.2) < 0.39(< 6.1) < 0.06(< 1.0) < 0.07 < 0.02 < 0.03 < 0.01 J233454 < 0.64(< 11) < 0.08(< 2.1) < 0.12(< 3.5) < 0.13(< 3.9) < 0.05 < 0.01 < 0.01 < 0.01 
